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PCT 

INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 



pQp FURTHER ®®® Notification of Transmittal of International Search Report 

(Form PCT/ISA/220) as well as, where applicable, item 5 below. 

ACTION 



International application No. 

PCT/GB 98/02829 



International filing date (day/month/year) 

23/09/1998 



(Earliest) Priority Date (day/month/year) 

23/09/1997 



Applicant 



HENROB LIMITED et al 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 



This International Search Report consists of a total of. 



sheets. 



I )( I It is also accompanied by a copy of each prior art document cited in this report. 



1 . Certain claims were found unsearchable (see Box I). 

2. Unity of invention is lacking (see Box II). 

3. rn The international application contains disclosure of a nucleotide and/or amino acid sequence listing and the 

international search was carried out on the basis of the sequence listing 

I I filed with the international application. 

I I furnished by the applicant separately from the international application, 

I I but not accompanied by a statement to the effect that it did not Include 

matter going beyond the disclosure in the international application as filed. 

I I Transcribed by this Authority 

4. With regard to the title, the text is approved as submitted by the applicant. 

[)(] the text has been established by this Authority to read as follows: 

SHEET JOINING METHOD AND APPARATUS AND A RIVET FOR USE IN THE METHOD 



5. With regard to the abstract, 



I I the text Is approved as submitted by the applicant. 

fx] the text has been established, according to Rule 38.2(b), by this Authority as it appears in 
Box III. The applicant may, within one month from the date of mailing of this International 
Search Report, submit comments to this Authority. 



6. The figure of the drawings to be published with the abstract is: 
Figure No. 7 as suggested by the applicant. 



I I None of the figures. 



[Yl because the applicant failed to suggest a figure. 
I I because this figure better characterizes the invention. 



Form PCT/ISA/21 0 (first sheet) (July 1 992) 



INTERNATIONAL SEARCH REPORT 



ationat application No. 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 



Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



Pn Claims Nos.: 14,18,19 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 

an extent that no meaningful International Search can hie earned out, specifically: 

It is not possible to understand, which combination of physical features it is 
desired to protect by claims 14 and 19, or which combination of method steps 
by claim 18 (Article 6 PCT) . Furthermore, claims 18 and 19 would not appear to 
conform to Rule 6.2(a) PCT. 

Claims Nos.: « v 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)- 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1 . I I As all required additional search fees were timely paid by the applicant, this Internationa! Search Report covers all 
' ' searchable claims. 

2. I I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. j I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
' ' covers only those claims for which fees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



I I The additional search fees were accompanied by the applicant's protest. 
j j No protest accompanied the payment of additional search fees. 
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Box III TEXT OF THE ABSTRACT (Continuation of item 5 of tfie first sheet) 



A method and apparatus for joining together two or more superimposed generally 
planar sheets by setting a fastener in engagement with the sheets at a 
predetermined location. The sheets are superimposed and placed in a fastener 
setting and sheet deforming assembly. The assembly is then operated to set a 
fastener into the sheet and to deform the sheets out of their planes around the 
predetermined locations. The sheets may be deformed before the fastener is set, 
after the fastener Is set, or simultaneously with setting of the fastener. 
Sheet deformation may be acheived using appropriate clamping arrangements or by 
providing recesses Into which the sheets are deformed during the course of 
rivet insertion. The Invention also relates to a rivet for use In the method. 
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A. CLASSlFICATiON OF SUBJECT IWATTER 

IPC 6 B21J15/02 B21D39/03 F16B19/08 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 B21J F16B B21D 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the intemationat search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to cfaim No. 



US 3 958 389 A (STANDARD PRESSED STEEL 
CO.) 25 May 1976 

see page 1, right-hand column, line 21-37; 
figure 2 

DE 25 46 214 A (FURMA MANUFACTURING CO) 
28 April 1977 
see figures 1-5 

US 2 245 933 A (MOORE, N.B.) 17 June 1941 
see column 1, line 35-46; figures 1-3 
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Further documents are listed in the continuation of box C. 



Patent family members are listed In annex. 



** Special categories of cited documents : 

*A' document defining the generaJ state of the art which is not 

considered to be of particular relevance 
'E" earlier document but published on or after the intemational 

filing date 

"L" document which may throw doubts on priority cJaim(8) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O' document referring to an oraJ disclosure, use, exhibition or 
other means 

'P' document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the intemational filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underiying the 
invention 

"X" documentof particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y* documentof particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&' document member of the same patent family 



Date of the actual completion of the Intemational search 



18 January 1999 



Date of maiiing of the international search report 



2 7. 01. 99 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
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Fax: (+31-70) 340-3016 
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IIVTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 

ALMAN. P. 
Maries & Clerk 
Sussex House 
83-85 Mosley Street 
Manchester M2 3LG 
GRANDE BRETAGNE 




PCT 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PCT Rule 71.1) 



Date of mailing 

(etoy/mcnth^Bar} 25, 01 00 



AppScanrs or agent's fife reference 
PJA/C08817gpWO ^ 



IMPORTANT NOinCATlON 



International application No. 
PCT/QB98/02829 



Intemattonal (IHng date (dayitnonth/year) 
23/09/1998 



Priority date (day/monfhfyear) 
23/09/1997 



Applicant 

HENROB LIMITED etal. 



1 . The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, it any. established on the rntemationai application. 



2. A copy of the report and its annexes, if any , is being transmitted to the International Bureau for communication 
to all the elected Offices. 



3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices, 



4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying nat'tonal fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/ia/30l). 

Where a translation of the international application must be fumished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 
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PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 




Applicant's or agenTs file reference 
PJA/C088179PWO 



International application No. 
PCT/GB98/02a29 



See Notificafion of Transmittai of International 
FOR FURTHER ACTION preliminary Bcaminaiion Report (Form PCT/IPEA/41 6) 



International filing date (day/month/j^ar) 
23/09/1998 



Intamalional Patent Classification OPC) or naflonal classification and IPC 
B21J15/02 



Applicant 

HENROB LIMITED etal. 



^ ,,,3,^,,,,, p^Hn^inary examination report has ba.n prepared by tr^s International Pr^imlnary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This FEPORT consists of a total of S sheets, including this cover sheet. 

(see Rule 70.16 and Section 607 of the /Administrative Instructions under the PCT). 
These annexes consist of a total of 3 sheets. 



3. This report contains Indications relating to the following items; 

I IS Basis of the report 

II □ Priority 

III S Non-sstablishment of opinion with regard to novefty. inventive step and industrial applicability 
jV □ Lack of unity of invention 

V S Reasoned statement under Article 35(2) with regard to novelty, inventive step or Industnal applicability: 

citations and explanations suporting such statement 

VI □ Certain documents cited 

Vil B Certain defects in the international application 

Vill □ Certain obsewations on the imemational application 



Date of submission of the demand 



21/04/1999 



Name and mailing address of ihe international 
preliminary exaniining authority; 

European Patent Office 
Q^)\ 080296 Munich 



Tel. +49 89 2399 - 0 Tx: S236S6 epmu d 

FaX+49 89 2399 - 446S 



Date of eompletion of this report 



25. PI. 00 



Authorized officer 

Ash, R 

Telephone No. 449 69 2399 2361 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/GB98/02829 



1. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets Y/hich have been famished to the receiving Office in 
response to an hvitaison under Mide 14 are referred to in this report as "originally filed* and are not annexed to 
the report since they do not contain amendments,): 

Description, pages: 

1-6 as originally filed 



Claims, No.; 
1-16 



as received on 



08/10/1999 withletterof 



08/10/1999 



Drawings, sheets: 

1/3-3/3 as originally filed 



2. The amendments have resulted in the cancellation of: 



□ the description. pages: 
B the claims, Nos.: 

□ the drawings, sheets; 



17-19 



3. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 



III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 



□ the entire intemational application. 
B claims Nos. 15. 



because: 
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NO. 382 P. 24/29 




INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/GB98/02829 



□ the said international application, or the said claims Nos. relate to the following subied matter v^hirh h„oc 
not require an international preliminary examination {specif: ^ "^"^ '^'^ 



□ the description claims or drawings (indicate particular elements beh^ or said claims Nos are so unr i.«r 
tfiat no meaningful opinion could be formed (specijy^; »'a ciaims iMos. are so unclear 



° rouidSfoid''""'^^^ 

H no intemational search report has been established for the said claims Nos. 15. 



^' rS^af '"^^^ "'V^^y. '"^erti^e step or industrial 

applicability; crtalrons and explanations supporting such statement ^'""usinai 

1. Statement 
Novelty (N) 

Inventive step (IS) 



Yes; 


Claims 


1.14.16 


No: 


Claims 


2-13 


Yes; 


Claims 




No: 


Claims 


1-14,16 


Yes: 


Claims 


1-14.16 


No: 


Claims 





2. Citations and explanations 
see separate sheet 



VII. Certain defects in the International application 

The following defects in the fomi or contents of the intemational application have been 
see separate sheet 



noted: 
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1. 



2. 



In accordance with Rule 70.2(d) PCT no opinion will be given with regard to 
whether the subject-matter of claim 15 meets Article 33 PCT. because the 
subject-matter of this claim has not been searched. None of the originally filed 
claims related to a rivet which comprises a head, the thickness of which Increases 
continually in the radially outward direction. 

The broadest claim is claim 16. so this will be addressed first. The subject-matter 
of this claim lacks novelty (Article 33(2) PCT). 

From DE-A-2 546 214 (.D2). Figures 1 to 5. a method of joining two or more 
sheet materials (32. 33) with a fastener (34) is known, wherein the sheet materials 
are deformed by abutment with a die surface (25) to form an annular deformation 
engaged between a head and a free end of a stem or shank of the fastener (see 
Figure 5). ^ 

3. Independent claim 1 does not include any new subject-matter (Article 33(2) PCT. 
Document US-A-2 245 933 (=D3) discloses a 

A method for joining together two or more superimposed generally planar sheets 
(3.4) by setting a fastener (1) in engagement with the sheets at a predetermined 
location, wherein the superimposed planar sheets are placed in a fastener setting 
and sheet deforming assembly, and the assembly is operated to set a fastener 
into the sheets and to defomi all the sheets out of their planes around the 
predetermined location (see column 1, lines 35 to 46). 



4. 



Dependent claims 2 to 13 do not appear to contain any additional features wh-rh 
in combination with the features of any claim to which they refer meet the 

iTZt) PCT) '''' """^ '''' ^^"'^'^^ 



4.1 



P^y^MiM^^nr^^^^^^^ "ntsntationalapplicationNo. PCT/GB98/02829 

EXAMINATION REPORT »■ SEPARATE SHEET 

4.2 Document US-A-a 958 389 (=D1) discloses on page 1. right-hand column, lines 
21 to 37 the advantages of providing a recess under the head of the rivet. For the 
skilled man starting from D3 it would be obvious to apply the teaching of D1 to 
realise these advantages. In this way he would arrive at the subject-matter of 
claim 13 without exercising an inventive step. 

5. Independent claim 1 4 lacks novel subject-matter compared to D3 (Article 33(2) 
PCT). 

. 5. 1 From D3. the following features are known in combination: 

An apparatus suitable for joining together two or more superimposed generally 
planar sheets by setting a fastener in engagement with the sheets at a 
predetermined location, the apparatus comprising an assembly which is operative 
to receive superimposed planar sheets and to set a fastener in engagement with 
the sheets and to deform all the sheets around the predetermined location out of 
their planes either before, during or after fastener setting. 

6. The claims meet neither Rule 6.2(b) nor 6.3(b) PCT. 



The description does not meet Rule 6.1(a)(ii) PCT. because documents D1 to D3 
are not cited therein. 
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CLAIMS 

L A method fat joining together two or more siq)erixiq3osed generally planar 
dieets by setting iftsteaer in engagonent with the sheets at a predetennined 
location, whesrein the siq^etimposed planar shceu axe placed in a fest^er 
setting and sheer defonning assembly, and the ass^ly is operated to set a 
festencr into the sheets and to dcfom all the sheets out of their planes outside 
the predctetmined tocation, 

( 

1 A method accordh^ to claim 1, wherein flie sheets are deformed bafoie the 
fastenor is set 

3. A method according to claim 2, wherein the sheets are clamped together 
before the &5tener is set. 

4. A metliod according to claim 3, wheiein fhe sheets are clamped together mitil 
the fastener has been set. 

5. A method according to claim 3, ^vto^ein the sheets are unclan^ie^ 
fastener is set. 

6. A method according to claim 3, 4 or 5 wherein the sheets are clamped together 
between a clamping member and a die shaped such that the sheets are 
deformed between the clamping member and the die. 

7. A method according to claim 2. 3, 4, 5 or 6 wherein the sheets are suppotled 
around the predetermined location by a support surface defining a recess into 
wliich the sheets are defiormed by a head portion of the festener. 

S. A m^od according to claim 1, wherein the sheets are deformed after the 
festecerisset 



8 

9. A method according to claim 8, wlierein the sheets to be deformed axe 
clamped becwem a olamping member and a die shaped such that the sheets are 
defoimed betwaeo theclampmg monbersnd ^ die. 

10. A metliod according to claim 1, wherein the sheets aie deformed and the 
&steaer is set sumdianeously, 

11. A method accoidhjg to claim 10, wherein die sheets are defoaned by 
supporting the sheets on a die defining a recess csrtcnding around the 
predeteimmed locadon, a head pordon of the fistener driving the sheets into 
the recess when the fiastener is set 

12. A method according to cUum lU whaein the she^ are clamped agtoist the 
surface of the die outside the said recess during the settjag of the festener. 

13. A method according to claim 1 1 or 12, wherein thfl fastener head increases m 
thidcness txjwaids its periphery so as to define a convex surface fadng ihe 
recess formed in fte die. 

14. An apparahis for joining together h«j or more supaimposed generally planar 
sheecs by setring a festener in engagement with the sheets al a predetermined 
location, the apparatus comprising an assembly ^ch is operative to receive 
superimposed planar sheets and to set a festener in eagagemcnt uith the sheets 
and to de&nn all the sheets outside the predetemiined location out of their 
planes either before, during or after fastener setting. 

15. A rivet fox use in accorfaoce with the metfiod of claim 1, comprising a head 
tlie thickness of uiuch increases continuaUy in the radially outwards diiection 
to define a convex sm-fece beneath the head. 



^ am' I' f ii n I 1 1 i cn u.Mtn] ■rii«T' 1 1 i.r. .a.^ 
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16. A metfaod fist joinmg two or more sheet materials with a &stener, wtiei^zn the 
sheet materials are defonned by abutment with a die surface to form an 
annular deformation engaged between a hrad and a free end of a stem or shank 
of thfl fastener. 
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(57) Abstract 

A method and apparatus 
for joining together two or more 
superimposed generally planar 
sheets by setting a fastener in 
engagement with the sheets at 
a predetermined location. The 
sheets are superimposed and 
placed in a fastener setting and 
sheet deforming assembly. The 
assembly is then operated to set 
a fastener into the sheet and to 
deform the sheets out of their 
planes around the predetermined 
locations. 'ITie sheets may be 
deformed before the fastener is 
set, after the fastener is set. or 
simultaneously with setting of 
the fastener. Sheet deformation 

may be achieved using appropriate clamping arrangements or by providing recesses into which the sheets are deformed during the course 
of rivet insertion. The invention also relates to a rivet for use in the method. 
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SHEET JOINING METHOD AND APPARATUS AND A RIVET FOR USE IN THE METHOD 

This invention relates to an improved sheet joining method and apparatus. 
When joining two thin metal sheets together with, e.g. rivets, there is often 
difficulty in achieving sufficient shear load strength. It is believed that the shear load 
strength can be increased by the order of 15% when a blind rivet is applied in a 
known manner to pre-dimpled sheets, that is sheets in which dimples have been 
pressed around holes formed to receive blind rivets. In many applications however it 
is not practical to press dimples into sheets before they are secured together. 

It is an object of the present invention to provide a joining method and 
apparatus capable of providing increased joint shear load strength. 

According to the present invention, there is provided a method for joining 
together two or more superimposed generally planar sheets by setting a fastener in 
engagement with the sheets at a predetermined location, wherein the superimposed 
planar sheets are placed in a fastener setting and a sheet deforming assembly, and the 
assembly is operated to set a fastener into the sheet and to deform the sheets out of 
their planes around the predetermined location. 

The term "fastener" is used herein to include rivets, screws and the like. 
The invention also provides an apparatus for carrying out the above method. 
The invention further provides an apparatus for joining together two or more 
superimposed generally planar sheets by setting a fastener in engagement with the 
sheets at a predetermined location, the apparatus comprising an assembly which is 
operative to receive superimposed planar sheets and to set a fastener in engagement 
with the sheets and to deform the sheets around the predetermined location out of 
their planes either before, during or after fastener setting. 

The invention further provides a rivet for use in accordance with the above 
mentioned method, comprising a head the thickness of which increases in the radially 
outwards direction to define a convex surface beneath the head. 

The invention further provides a method for joining two or more sheet 
materials with a fastener, wherein the sheet materials are deformed by a die to form an 
annular deformation engaged between a head and a free end of a stem or shank of the 
fastener. 
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The deformation may comprise an annular projection or groove, or a ridge, or 
a plurality of dimples. 

The sheets may be deformed before the fastener is set, for example by 
clamping the sheets together before the fastener is set. The sheets may be clamped 
together until the fastener has been set, or undamped before the fastener is set. In one 
embodiment, the sheets are clamped together between a clamping member and a die 
shaped such that the sheets are deformed between the clamping member and the die. 
The sheets may be supported around the predetermined location by a support surface 
defining a recess into which the sheets are deformed by a head portion of the fastener. 

Alternatively, the sheets may be deformed after the fastener is set, for example 
by clamping the sheets to be deformed between a clamping member and a die shaped 
such that the sheets are deformed between the clamping member and the die. 

In a further alternative method, the sheets may be deformed and the fastener 
may be set simultaneously. For example, the sheets may be deformed by supporting 
the sheets on a die defining a recess extending around the predetennined location, a 
head portion of the fastener driving the sheets into the recess when the fastener is set. 
The sheets may be clamped against the surface of the die outside the said recess 
during the setting of the fastener. The fastener head may increase in thickness 
towards its periphery so as to define a convex surface facing the die and matching the 
shape of the recess formed in the die. 

To enable the invention to be fully understood, a number of preferred 
embodiments will now be described with reference to the accompanying drawings, in 
which: 

FIG 1 is a sectional side view showing the joining of two metal sheets using a 
standard semi-tubular rivet and die in a conventional manner; 

FIG 2 is a similar view to that of FIG 1 showing the joining of two sheets in 
accordance with a first embodiment of the present invention using a standard semi- 
tubular rivet and a recessed die; 

FIG 3 is a similar view to that of FIG 1 showing the joining of two sheets in 
accordance with a second embodiment of the present invention using a large headed 
rivet and a recessed die; 
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FIG 4 is a sectional side view showing the joining of two sheets where the 
material around the rivet head is ''coined'" or deformed in accordance with a third 
embodiment of the present invention; 

FIG 5 is a similar view to that of FIG 4 showing the formation of a rib around 
a rivet head in accordance with a fourth embodiment of the present invention; 

FIG 6 shows the formation of a rib around a rivet head in accordance with a 
fifth embodiment of the present invention. 

FIG 7 shows the formation of a "coined" deformation under a rivet head in 
accordance with a sixth embodiment of the present invention; and 

FIG 8 is a sectional side view of a spring-loaded upsetting die suitable for use 
in accordance with the present invention. 

As shown in FIG 1, in a conventional method of joining metal sheets 11,12 with a 
semi-tubular rivet 10, a punch (not shown) forces the rivet and metal sheets 11, 12 
into a die 13 and the deformation of the metal sheet and of the shank 14 of the rivet 
locks the metal sheets together. 

To improve the shear strength, as shown in FIG 2 and in accordance with the 
present invention, a rivet 1 10 and metal sheets 1 1 1 and 1 12 may be driven by a punch 
1 15 into a die 1 13 where the metal sheets are deformed from the planes in which they 
initially lie into an annular recess 1 16 to form a counter-sink around a rivet head 117. 
The metal sheets are clamped to the die 113 by a pre-clamping head 118, that is the 
head 1 1 8 is applied against the sheets 111, 112 before and during rivet insertion. The 
sheets are deformed simultaneously with setting of the rivet. 

A similar method to that of FIG 2 may be employed for large headed rivets as 
shown in FIG 3. 

Referring now to FIG 4, a die 213 defines a wider annular recess 216 and a 
pre-clamping head 218 has a nose 219 which deforms metal sheets 211, 212 into the 
recess to form an annular deformation about a head 217 of a rivet 210, i.e. the metal 
sheets 21 1, 212 are ''coined" around the rivet head 217. The pre-clamping force is 
sufficient to prevent relative movement between the adjacent sheets, and may be for 
example of the order of 1 tonne. The sheets are deformed into the recess 216 before 
the rivet is set. Alternatively, the "coining" of the metal sheets 211, 212 may be 
effected by using the head 2 1 8 to engage the metal sheets only after the rivet 210 has 
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been set, such that the sheets 211,212 are fully deformed into the recess 216 after the 
rivet is set. 

In the embodiment of FIG 5, a die 313 has an annular recess 316 spaced from 
a bore 320 of the die. A clamping head 318 supports a projection 318 which deforms 
metal sheets 311, 312 into a recess 316 to form a flush ribbing effect aroimd a head 
3 1 7 of a rivet 310 which is driven in by a punch 315. The clamping head 3 1 8 may be 
pressed against the metal sheets either before the rivet is driven in, after the rivet is 
driven in, or before and during the driving in of the rivet. This will increase the shear 
load strength and stiffness of the joint. 

In the embodiment of FIG 6, metal sheets 41 1 and 412 are again formed to 
provide a raised annular rib about the head 417 of the rivet 410 where the die 413 has 
an annular protrusion (or ridge) 416 about the bore 420 of the die. The ribbing effect 
may be generated by a nose portion 419 which is complementary with the recess 416 
on a clamping head 418. Once again, the clamping head 418 may be applied to the 
sheets 41 L 412 before, after or during rivet setting. 

Referring now to FIG 7, a die 513 has an inwardly-directed shoulder 516 in a 
bore 520. As a rivet 510 is set to join metal sheets 511, 512, the sheets are deformed 
inwardly to form an aimular coining ring between a head 517 of the rivet and a shank 
514 of the rivet 510. In this embodiment, the metal sheets 511, 512 are clamped to 
the die 513 by a clamping head 518 before a punch 515 is advanced to engage the 
rivet 5 1 0. Sheet deformation occurs simultaneously with rivet insertion. 

As an alternative to continuous deformation about the rivet head, the metal 
sheets may be deformed into a series of "dimples" about the rivet head. Dimples may 
be of two different types, that is where a top sheet is sheared so as to be in effect cut, 
and where the top sheet is pressed into an adjacent sheet but is not cut. 

Referring now to FIG 8, a die 613 has a fixed outer annular body 621 and an 
inner core 622 urged upwardly by a spring 623. The die 613 reduces the tendency to 
cracking of metal sheets 611, 612 as the sheets will initially be coined into a recess 
616 before the deformation of the metal sheets 61 1, 61-2 by a shank 614 of a rivet 610 
occurs, i.e. the deformation of the metal occurs in stages. Sheet deformation occurs 
primarily after rivet setting. 



SUBSTITUTE SHEET (RULE 26) 



wo 99/15288 



PCT/GB98/02829 



5 



It is believed that the formation of deformations around a fastener such as a 
rivet in accordance with the present invention can increase the peel strength of a joint 
by of the order of 10% as well as producing significant improvements in shear 
strength and repeatability. 

Deformation of sheets to be joined before a rivet is set not only improves joint 
strength but can in addition ensure that the following process of self-piercing riveting 
is fully isolated from any effects or reaction from the sheets surrounding the location 
at which the rivet is to be set. Thus whereas pre-clamping of sheets before self- 
piercing riveting improves joint quality as described for example in US patent 
5.752,305, pre-deformation of the sheets around the site of the rivet can provide 
further improvements in joint quality and in particular can reduce the standard 
deviation of self-pierce riveted joint performance. This can be particularly important 
where it is difficult by simple pre-clamping of the sheets together to avoid effects 
from the surrounding sheets and prevents relative movements, for example when the 
sheets have surfaces treated with a lubricant or grease, for example when joining 
aluminium sheets canning dry film die lubricant coatings. 

Although it is believed desirable to pre-deform the sheets around the rivet site 
and to maintain a high clamping force on the sheets during rivet insertion to achieve 
very high quality joints, in some circumstances it is possible to release the pre- 
clamping force after deformation but before the rivet is driven in. The use of such a 
method can have advantages in particular situations as the overall assembly which 
supports the die against which the sheets to be riveted are clamped need not be as 
robust. If the clamping force is maintained during rivet insertion, the assembly must 
support the sum of the pre-clamping and rivet insertion forces. If the clamping force 
is relieved during rivet insertion, the overall assembly need only be sufficiently robust 
to support the larger of these two forces. 

The forces necessary to deform the sheets and drive in self-piercing rivets v^ll 
to an extent be a function of the physical characteristics of the sheets to be joined. 
With relatively thick sheets, or sheets which resist deformation, it may be necessary to 
use relatively high kinetic forces to achieve the necessary performance. With 
relatively thin sheets, or sheets which can be relatively easily deformed, the necessary 
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pre-clamping forces may be achieved with low velocity components driven by for 
example hydraulic actuators. 
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CLAIMS 

1 . A method for joining together two or more superimposed generally planar 
sheets by setting a fastener in engagement with the sheets at a predetermined 
location, wherein the superimposed planar sheets are placed in a fastener 
setting and sheet deforming assembly, and the assembly is operated to set a 
fastener into the sheets and to deform the sheets out of their planes around the 
predetermined location, 

2. A method according to claim L wherein the sheets are deformed before the 
fastener is set. 

3. A method according to claim 2, wherein the sheets are clamped together 
before the fastener is set. 

4. A method according to claim 3, wherein the sheets are clamped together until 
the fastener has been set. 

5. A method according to claim 3, wherein the sheets are undamped before the 
fastener is set. 

6. A method according to claim 3, 4 or 5 wherein the sheets are clamped together 
between a clamping member and a die shaped such that the sheets are 
deformed between the clamping member and the die. 

7. A method according to claim 2, 3, 4, 5 or 6 wherein the sheets are supported 
around the predetermined location by a support surface defining a recess into 
which the sheets are deformed by a head portion of the fastener. 
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8. A method according to claim 1, wherein the sheets are deformed after the 
fastener is set. 



9. A method according to claim 8, wherein the sheets to be deformed are 
clamped between a clamping member and a die shaped such that the sheets are 
deformed between the clamping member and the die. 

10- A method according to claim 1, wherein the sheets are deformed and the 
fastener is set simultaneously. 

IL A method according to claim 10, wherein the sheets are deformed by- 
supporting the sheets on a die defining a recess extending around the 
predetermined location, a head portion of the fastener driving the sheets into 
the recess when the fastener is set. 



12. A method according to claim 1 1, wherein the sheets are clamped against the 
surface of the die outside the said recess during the setting of the fastener. 

13. A method according to claim 1 1 or 12, wherein the fastener head increases in 
thickness towards its periphery so as to define a convex surface facing the 
recess formed in the die. 



14. An apparatus for carrying out the method in accordance with any preceding 
claim. 



15. An apparatus for joining together two or more superimposed generally planar 
sheets by setting a fastener in engagement with the sheets at a predetermined 
location, the apparatus comprising an assembly which is operative to receive 
superimposed planar sheets and to set a fastener in engagement with the sheets 
and to deform the sheets around the predetermined location out of their planes 
either before, during or after fastener setting. 
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16. A rivet for use in accordance with the method of claim 1, comprising a head 
the thickness of which increases in the radially outwards direction to define a 
convex surface beneath the head. 

17. A method for joining two or more sheet materials with a fastener, wherein the 
sheet materials are deformed by a die to form an annular deformation engaged 
between a head and a free end of a stem or shank of the fastener. 



18. A method substantially as hereinbefore described with reference to Figure 2, 
3, 4, 5, 6, 7 or 8 of the accompanying drawings. 

19. An apparatus substantially as hereinbefore described with reference to Figure 
2, 3, 4, 5, 6, 7 or 8 of the accompanying drawings. 
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1. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1 -6 as originally filed 

Claims, No.: 

1-16 as received on 08/1 0/1 999 with letter of 08/1 0/1 999 

Drawings, sheets: 

1/3-3/3 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

H the claims, Nos.: 17-19 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 

□ the entire intemational application. 
H claims Nos. 15. 

because: 
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□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination {specity): 

□ the description, claims or drawings (indicate particular elements be/oM/) or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specif^: 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opii iiof> 
could be fomied. 

K no international search report has been established for the said claims Nos. 15. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1 . Statement 



Novelty (N) 


Yes: 


Claims 


1.14,16 




No: 


Claims 


2-13 


Inventive step (IS) 


Yes: 


Claims 






No: 


Claims 


1-14,16 


Industrial applicability (lA) 


Yes: 


Claims 


1-14,16 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the International application 

The following defects In the form or contents of the international application have been noted: 
see separate sheet 
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1 . In accordance with Rule 70.2(d) PCT no opinion will be given with regard to 
whether the subject-matter of claim 15 meets Article 33 PCT, because the 
subject-matter of this claim has not been searched. None of the originally filed 
claims related to a rivet which comprises a head, the thickness of which increases 
continually in the radially outward direction. 

2. The broadest claim is claim 16, so this will be addressed first. The subject-matter 
of this claim lacks novelty (Article 33(2) PCT). 

From DE-A-2 546 214 (=D2), Figures 1 to 5. a method of joining two or more 
sheet materials (32, 33) with a fastener (34) is known, wherein the sheet materials 
are deformed by abutment with a die surface (25) to form an annular deformation 
engaged between a head and a free end of a stem or shank of the fastener (see 
Figure 5). 

3. Independent claim 1 does not include any new subject-matter (Article 33(2) PCT. 
Document US-A-2 245 933 (=D3) discloses a 

A method for joining together two or more superimposed generally planar sheets 
(3,4) by setting a fastener (1) in engagement with the sheets at a predetermined 
location, wherein the superimposed planar sheets are placed in a fastener setting 
and sheet deforming assembly, and the assembly is operated to set a fastener 
into the sheets and to deform all the sheets out of their planes around the 
predetermined location (see column 1, lines 35 to 46). 

4. Dependent claims 2 to 13 do not appear to contain any additional features which, 
in combination with the features of any claim to which they refer, meet the 
requirements of the PCT with respect to novelty and/or inventive step (Articles 
33(2) and (3) PCT). 

4.1 The additional features of claims 2 to 12 do introduce anything other than simple 
method steps, which the skilled man would perform at his discretion, without an 
inventive step being required. 
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4.2 Document US-A-3 958 389 (=D1) discloses on page 1, right-hand column, lines 
21 to 37 the advantages of providing a recess under the head of the rivet. For the 
skilled man starting from D3 it would be obvious to apply the teaching of D1 to 
realise these advantages. In this way he would arrive at the subject-matter of 
claim 13 without exercising an inventive step. 

5. Independent claim 14 lacks novel subject-matter compared to D3 (Article 33(2) 
PCT). 

5.1 From D3, the following features are known in combination: 

An apparatus suitable for joining together two or more superimposed generally 
planar sheets by setting a fastener in engagement with the sheets at a 
predetermined location, the apparatus comprising an assembly which is operative 
to receive superimposed planar sheets and to set a fastener in engagement with 
the sheets and to deform all the sheets around the predetermined location out of 
their planes either before, during or after fastener setting. 

6. The claims meet neither Rule 6.2(b) nor 6.3(b) PCT. 

7. The description does not meet Rule 5.1(a)(ii) PCT, because documents D1 to D3 
are not cited therein. 
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CO.) 25 May 1976 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



TNs International Search Report haa not betn estabfishod in resp&ot of certain cjaima under Article l7(2)(a) for the bllomng raasona: 
1. QdimsNoG.: 

because they relate to cubjeet rnatter not required to be searched by the Authority, namely; 



2. 21 Claims Nos.: 14,18, 19 

because they relate to parts of the Intematiorial Application ttiat do not comply with the prescribed reciufrements to such 
an extent that no meaningM International Saarch oan be earned out, speot^calty: 

It is not possible to understand, which combination of physical features it is 
desired to protect by claims 14 and 19, or which combination of method steps 
by claim 18 (Article 6 PCT). Furthermore, claims 18 and 19 would not appear to 
conform to Rule 6.2(a) PCT. 

3. I I Ctaims Nos.: 

beceuee they are dependent daims nnd are not drafted in aoeonlanoe wHh the second and third sentonces of Rule 6.4(a). 



Box II Observations where unity of iitventiort is iaddng (Continuation of Item 2 of first sheet) 



This Internationa] Searching Authority found multiple inventions in this intemationad appliealion, as follows: 



1 . I I As ail required addiUcnal search fees i^bth timely paid by the appficant, this Intemaflonal Search Report covers afi 
■—I seafchahia elalma. 



2. Q Aft all searchaWa daims could be searched without effort juaiifying an additional tee, this Authorfty did not invite payment 
of any additional fee. 



3, I I As only some of the roquired addtionai search fees were timety paid by the applicant, ihb International Search Report 
" — ' covers only these daims (or which fees were paid, spedfically daims Nos.: 



^- d] ^° reqme6 additional seareh fees were fmefy paid by the applicant. Consequently, this International Search Report is 
nastncted to the invenlbn tirdt mentionsd in the daims; it is covered by darns Nos.: 



Remark en Protest Q The addtionaJ search fees were accompanied by the applioanl's protest 

I I No protest accompaniod the payment of addiliona! search fees. 
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